Estimates of the incidence of infection following primary hip replacement vary between 1% and 3%.
Periprosthetic infection following total hip replacement can be a catastrophic complication for the patient. The treatments available include single-stage exchange, and two-stage exchange. We present a series of 50 consecutive patients with a diagnosis of infected total hip replacement who were assessed according to a standardised protocol. Of these, 11 underwent single-stage revision arthroplasty with no recurrence of infection at a mean of 6.8 years follow-up (5.5 to 8.8). The remaining 39 underwent two-stage revision, with two recurrences of infection successfully treated by a second two-stage procedure. At five years, significant differences were found in the mean Harris Hip Scores (single-stage 87.8; twostage 75.5; p = 0.0003) and in a visual analogue score for satisfaction (8.6; 6.9; p = 0.001) between the single-and two-stage groups. Single-stage exchange is successful in eradicating periprosthetic infection and results in excellent functional and satisfaction scores.
Identification of patients suitable for the single-stage procedure allows individualisation of care and provides as many as possible with the correct strategy in successfully tackling their periprosthetic infection
Estimates of the incidence of infection following primary hip replacement vary between 1% and 3%. [1] [2] [3] [4] The goal of treatment in such cases is to eradicate the infection while ensuring the optimal functional outcome. 1, [5] [6] [7] Two-stage revision remains the optimum procedure for eradicating infection, with reported success rates of 80% to 95%. 1, [7] [8] [9] [10] [11] [12] [13] [14] However, such success comes at a price, with two operations and their associated morbidities, a prolonged hospital stay and reduced morbidity resulting in a limited functional outcome. 1, 11, 15, 16 This may be improved with the use of an articulating antibiotic-laden cement spacer 1, 6, 14, 15, [17] [18] [19] and a smaller interval between the two stages. 6, 11, [17] [18] [19] The second stage of a two-stage revision is further complicated by the altered anatomy and loss of planes of dissection and this becomes increasingly difficult with each additional procedure. 3, 5, 10, 13, 18, 20 All of these factors also contribute to an increase in cost. 1, 21, 22 Single-stage exchange replacement has been proposed as an alternative to a two-stage procedure. 2, 8, 16, 17, [23] [24] [25] [26] The success of such management has improved significantly over the past two decades with the introduction of antibiotic-loaded cement, better identification of pathogens and their sensitivities, and recognition of the importance of thorough debridement and lavage before reconstruction. 1, 16, [23] [24] [25] [26] The success rates for eradication range from 35% to 94%. 8, [23] [24] [25] [26] [27] Associated benefits include a reduction in the length of hospital stay, avoidance of a second procedure with its associated morbidities, improved postoperative mobility and pain, as well as the reduction in cost. 1 Relative contraindications to a single-stage procedure include significant severe bone loss, an unidentified pathogen and the presence of multiresistant bacteria. 9, 23 With the success of single-stage revision now well documented, the identification of cases in which it may be employed becomes more pertinent. Such individualisation of care could lead to an improved outcome by not exposing patients to the extra morbidity and loss of function associated with two-stage procedures while also ensuring eradication of infection. 27 This study comprised a cohort of patients with an infected hip replacement, treated with strict criteria for single-stage revision. The outcomes were evaluated at a minimum of five years post-operatively.
Patients and Methods
We prospectively enrolled 50 consecutive patients presenting between 1999 and 2002 with an infected total hip replacement into the study. All were evaluated by their history; a thorough physical examination, including assessment of local soft tissues; baseline CRP and ESR; hip aspiration and/or biopsy at least four weeks after the end of antibiotic therapy; and plain anteroposterior and lateral radiographs, with additional CT if deemed necessary for further acetabular assessment. The diagnosis of infection was made on the basis of the clinical findings and investigations. All patients were then graded by a standardised protocol based on the criteria previously set out by Haddad et al. 18 This involves evaluation according to organism(s), and local and systemic factors. The criteria for consideration of single-stage revision are shown in Table I , with additional compromising factors listed in Table II . Single-stage revision arthroplasty. The infected prosthesis was removed via a posterior approach, using the same incision and a meticulous debridement and lavage carried out, with removal of all cement, membranes, foreign material and potentially infected tissue. All operations were performed by a single surgeon (FSH). Several microbiological samples were taken from the capsule, femur and acetabulum. Antibiotics were withheld until all samples had been taken. Once the surgeon was happy that debridement was complete, all drapes, gowns, gloves and equipment were changed to create a new, sterile environment. The femur was then reconstructed using a cemented femoral component in all cases, with varied fixation of the acetabular component. The cement used was antibiotic-loaded Palacos R (Schering Plough Ltd, Labo nv, Belgium) impregnated with gentamicin. In addition, appropriate antibiotic, determined by known infecting organism sensitivities, was added at a volume of < 5% of the total weight of cement powder as standard.
Patients received five days of appropriate intravenous antibiotic therapy post-operatively, usually teicoplanin unless otherwise indicated, followed by a minimum of six weeks of oral antibiotics, adjusted if necessary following microbiological review. Antibiotics were prescribed orally after five days whenever possible, and continued until inflammatory markers and nutritional markers (serum albumin and liver function tests) normalised or reached a steady state. Two-stage revision arthroplasty. The infected prosthesis was removed followed by meticulous debridement and lavage. Multiple tissue samples were taken for microbiological analysis. The drapes and equipment were changed and a temporary articulating, antibiotic-laden cement spacer was implanted. This spacer contained 3 g of vancomycin and 2 g of gentamicin per sachet of Palacos R, unless otherwise indicated. The patients received five days of post-operative intravenous antibiotic therapy with teicoplanin. Microbiological culture results were typically available by the fifth day, when antibiotic therapy was altered on the advice of the microbiologists. A total of six weeks' antibiotic therapy, oral if appropriate, was given, with monitoring of the inflammatory markers (CRP and ESR). If these were found to be rising following the first stage, a further aspiration was undertaken with the patient off antibiotics, and further debridement if deemed necessary. The timing of the second stage was dependent on the inflammatory markers reaching a normal or stable level following the end of antibiotic therapy, the rate of wound healing and social factors such as patients who were unwilling or unable to rapidly return for second-stage procedures. The reconstruc- Patients in both groups were followed up for a minimum of five years with serial radiographs, ESR and CRP to assess their progress.
The functional outcome for all patients was evaluated using the Harris Hip score (HHS), 28 which was recorded preoperatively and at the two-and five-year follow-ups.
Patient satisfaction was assessed by direct questioning, on a visual analogue scale from 1 to 10.
Statistical analysis was carried out by means of a onetailed two-sample equal variance t-test.
Results
All patients were treated at a single tertiary referral centre. There were 21 men and 29 women with a mean age of 65 (48 to 87). The mean follow-up was 6.8 years (5.5 to 8.8), and all patients remain under review. They all had chronic infections and a number had undergone previous revision surgery. For 29 patients this was their first revision, for 18 their second, and for three their third.
After grading, 11 patients were considered appropriate for a single-stage exchange arthroplasty. The remaining 39 underwent two-stage revision. In six cases this was because of mixed infection, with more than one organism cultured; in four cases no organism was identified on initial cultures, although subsequently coagulase-negative staphylococci (CNS) were identified. The results of bacterial culture are summarised in Table III . Evidence of immune compromise was seen in eight patients, with four suffering from rheumatoid arthritis on suppressant therapy and another four requiring steroids.
Seven patients, including three in the immunocompromised group, had a methicillin-resistant Staphylococcus aureus (MRSA) infection and a two-stage procedure was preferred. In 17 patients who would otherwise have been suitable for single-stage exchange, bone loss was too great to allow the use of a cemented femoral component so a two-stage reconstruction was undertaken, using a distal loading uncemented component and bypassing the affected zone.
For the single-stage exchange all femoral components were cemented and six cementless acetabular components were used, reflecting the lead author's (FSH) preference and increasing confidence in single-stage revision over time.
In the two-stage exchange group there were 28 extensively porous-coated femoral components, eight tapered components and three proximal femoral components. On the acetabular side, we used a cage with a cemented polyethylene component in nine cases and a hemispherical porous-coated component in 30 cases, with impaction grafting of morsellised allograft bone in 24 of these.
All of the hips in this series were reconstructed. In the 11 patients who underwent the single-stage procedure there have been no recurrences of infection at a mean of five years' follow-up. In the 39 patients who underwent two-stage revision two had a recurrent infection. Infection was therefore successfully eradicated in 96% of cases. These two cases were further revised successfully with a second two-stage revision. One further patient required a wound washout ten days after the second stage, having developed a haematoma.
No significant difference was found in the pre-operative HHS (p = 0.24). Both groups showed a significant improvement in this score following successful reconstruction, from a mean of 40.5 (16 to 78) to a mean of 87.8 (46 to 91) in the single-stage group, and 36.5 (12 to 72) to 75.5 (40 to 83) in the two-stage group. The HHS was found to be significantly higher in the single-stage group at five years (p < 0.001). The improvement at five years was also significantly greater (p = 0.027) in the single-stage group. The patient satisfaction scores, showed a significant difference between the two groups at five years, favouring the single-stage procedure. These data are summarised in Table IV . 9, 16 for infection. Indeed, one study has reported re-infection rates similar to those seen in revision hip surgery for non-infected joints. 7 The benefits of a single-stage procedure are clear and are confirmed by our findings. Patients in the single-stage group have an improved functional outcome compared to the two-stage group, although selection bias may undermine the validity of a direct comparison in this study. Additional benefits include the avoidance of a costly second procedure, with a resultant reduction in the duration of hospital stay. 8, 17 These costs may be further reduced by the use of oral antibiotics, 30 although further analysis is required. 21, 22 Although none of our patients who underwent a singlestage revision suffered re-infection, the numbers in this group were small. Finding larger numbers of patients suitable for the single-stage procedure is difficult, as they are less common within the complex case mix at a tertiary referral centre. Hanssen and Osmon 23 suggested that the relatively small numbers of patients suitable for a singlestage procedure, with only 11% of cases in their experience, made it difficult to evaluate its success rate, and therefore concluded that all cases should be treated by twostage revision. In the patients enrolled in our study we identified 11 of 50, or 22%, who were suitable. Although this is a minority, it is certainly a significant one and, with the benefits of single-stage revision that we have demonstrated, is one that we need to strive to identify effectively and expand. Although direct comparison between single-and two-stage outcomes is difficult, given the non-randomised nature of the study, including those patients treated by the two-stage method gives us an idea of the proportion of cases that might be suitable for single-stage exchange.
The visual analogue score used to measure satisfaction has previously been shown to correlate well with other outcome measures in total joint arthroplasty. 31, 32 Although this indicates a greater satisfaction in the singlestage group, it is essential that patients are not unnecessarily exposed to the possible increased risk of failure of such a strategy. This risk should be minimised by meticulous patient selection. 17, 26 The use of a standardised protocol such as that proposed by McPherson et al 27 has been shown to aid this process.
During the study we have changed from using a cemented acetabular component in single-stage revision to using uncemented components without any ill effects. However, the choice of femoral implant as dictated by the extent of bone loss remains a limitation to single-stage exchange. The use of antibiotic-loaded cement for femoral fixation has hitherto been considered essential, 17, 26 which limits the choice of prosthesis. In this series, 16 patients underwent two-stage reconstruction because of the presence of bone loss precluding the use of a proximally loading cemented implant. It is to be hoped that the development of new implants which might combine uncemented fixation and infection resistance, either via biofilm disruption or by antibiotic elution, might provide a solution to this problem. 33 The protocol employed in this series provides a broad and rigorous algorithm that reinforces the importance of a full assessment for each patient and a multidisciplinary approach to their care. The success rate of eradication of infection in 48 of 50 patients (96%) is equivalent to the excellent results now reported for two-stage revision. 6, 7, 9, 10, 12, 13, 15, 19, 34 It shows that in a selected group of lower risk patients excellent results can be achieved in a single-stage revision, even in units that have traditionally undertaken the two-stage process. All the patients in this study have been followed for a minimum of five years, which would suggest that any reinfection has been picked up.
Although both single-and two-stage revisions are well established in the treatment of infected joint replacement, combining the two techniques in one institution is unusual. This algorithm should help guide the selection of patients who would benefit from a single-stage procedure.
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